Purpose-To examine trends in female first and last authors in clinical ophthalmology literature published from
Introduction
From the Association of American Medical Colleges (AAMC)'s most recent data, it appears that women are entering and graduating from medical school in rates that are almost equal to men (48.3% of total graduates in 2010). 1 The same trend was not observed in the percentage of women holding tenure track positions, where numbers of male faculty significantly outnumbered female faculty. 1 This gender gap is even more apparent when examining women in leadership positions. 1 Thefemale medical students entering ophthalmology as well as an increase in the percentage of female ophthalmology residents over the years. 1 However, in spite of an increase in the proportion of graduating female ophthalmology residents over the last decade, the representation of female ophthalmologists in academic medicine lags far behind that of male colleagues. 1 Publication records and scientific productivity continue to be important criteria for career advancement, and previous studies have examined gender trends in various fields. In a single large retrospective analysis of gender in six medical journals, including the New England Journal of Medicine, 3 Similar research in surgical fields is much more limited. The purpose of the present study was to quantify authorship trends in the major clinical ophthalmology journals over ten years with respect to female representation in the roles of first or last author.
Methods
An extensive search of the English-language current ophthalmology journals was undertaken. Clinically oriented journals were analyzed based on impact factor and overall prestige. Three journals were selected: American Journal of Ophthalmology (AJO), Archives of Ophthalmology (Archives), and Ophthalmology. All published research articles and brief reports from January 2000 to December 2009 were included in a hand search and fulltext review. All issues from each year were included.
Gender was classified initially on the basis of author name. In cases of gender-neutral names and authors who identified themselves only with initials, we attempted to ascertain the author's sex by other means, primarily exhaustive Internet search using standard search engines, often linked with the home institution and/or corresponding address published in the article. Biographies, resumes, and/or author images on institutional home pages were examined as necessary. Any articles for which author sex for either the first or last author could not be determined were excluded. All information was entered in a spreadsheet with names of the first and last author, article name and type, as well as a link to the article. If a research group was named as the author or only one author was listed, then the publication was excluded from the analysis, since correlation between the first and last author could not be performed.
The proportion of female first authors and last authors over a 10-year period in each of three major ophthalmology journals and all three journals combined was calculated. A linear trend test was used to determine whether the proportion of female first author and last author increased with time. A logistic regression analysis was used to examine the data for associations between the sex of the first and last author. A comparison of the total number of authors between female versus male first author and between female versus male last author was performed. All statistical comparisons were made in SAS V9.2 (SAS Institute Inc, Cary, NC).
Results
We examined a total of 3760 publications in AJO, 2347 in Archives, and 3838 in Ophthalmology published during the study period. Author sex was confirmed for the first author in 8717 articles (86.8%) and for the last author in 8554 (86%) articles. ever, only in Ophthalmology was there an increase in female last authorship (P <0.05) as well.
The association between first author and the last author by sex for each journal is shown in Table 1 . For all the journals examined, the association between the sex of the first and last author for each journal is highly significant (P < 0.0001) as well as for all the journals combined (P < 0.0001). Table 2 shows the comparison of total number of authors between articles first-authored by women versus articles first-authored by men. There was a statistically significant difference in total number of authors between the sex of the first author, with female first-authored articles having more authors than the male first-authored articles. This relation was significant (P < 0.05) for AJO, Archives, and Ophthalmology considering all articles combined (Table 2) . A similar analysis between total number of authors and gender of last author did not yield a significant result for any of the journals examined (Table 3) . 
Discussion
Female representation increased among first authors in published ophthalmology literature over the decade from 2000 to 2009. Increases among last authors are modest at best, with rates much lower than those observed for female first authors. Our data suggests a gender lag in the rise of last authors that was not present among first authors. As first authorship often indicates junior ranks among faculty, whereas last authorship often indicates positions of leadership in academic departments, our findings may suggest that while the number of women at the junior level is increasing, this has not translated into more women publishing in senior positions. We also found a very clear association between the sex of the first and last authors, suggesting perhaps that there is more likely to be a mentor-mentee relationship between authors of the same sex. Additionally, female first authors tend to have a greater number of collaborators, as reflected by the number of authors, compared to male first authors. However, this difference was not found when examining last-author gender distribution with number of authors.
Information on gender trends among surgical specialties is limited. This may be due in part to the fact that fewer women physicians are represented among surgical specialties compared to other medical specialties. 1 Prior studies examining otolaryngology research showed a significant increase in the percentage of female authors over the past two decades. 4, 5 The authors reported a high number of female first authors were non-physicians and were predominantly in pediatric otolaryngology. 4 A similar study examining representation of female authorship in orthopedic surgery over four decades also showed a trend toward increased representation of female first authors. 6 They also demonstrated that the gender composition among the editorial boards had increased over the study period. 6 A study in the urology literature examining gender trends in authorship found an increase in both female first and last authors that far surpassed the growth in numbers of female urologists. 7 A study of several British journals, including the British Journal of Surgery, revealed a significant trend toward increased female first authors that was not mirrored among last, presumably senior, authors. 8 Feramisco et al 9 conducted a similar study of the dermatology literature over three decades, finding an increase in female authors in both first and last author positions, in contrast to our study. The authors also found a correlation between the gender of the first and last author, as did the present study. A recent study in ophthalmology literature examining five years of data since 1969 over the last five decades found that even though women authors are increasing overall among published ophthalmology literature, their prevalence as editors has not increased commensurately. 10 It is promising, however, that over the same time period that we examined, American Asso- Table 3 .
Comparison of total number of authors between male and female last authors by journal ciation of Medical Colleges data shows a small percentage increase in women among positions of leadership. 1 This suggests that the talent pool for female last authors, although small, has the potential to increase.
Several studies have sought to identify what factors are associated with the gender gap noted in the medical literature today. There is some data to suggest that a similar gender gap on the editorial boards of most journals could contribute to the gender gap among male and female authors as first and last authors. 11, 12 It is possible that a lack of academic female role models may deprive more junior female faculty of mentors. If so, this lack may also be depriving junior female faculty of potential coauthors because, as our data indicates, the gender of first and last authors is likely to be highly correlated.
The reasons behind the trends revealed by the present study may of course be much more complex and multifactorial than the raw data can elucidate. Institutional culture and policies, lack of mentors in senior positions (whether as principle investigators, or editorial board members), and societal influences may all be at play. 13, 14 A recent study examining determinants of the lack of advancement of women in senior positions in academic medicine concluded that women faculty feel a sense of exclusion, lack confidence, and perceive a conflict between personal goals and institutional goals. 15 It is important to consider that unconscious biases against women, inflexible institutional support for childbirth, childcare, and eldercare as well as unequal pay compared to male colleagues of similar rank may all contribute to the lower representation of women in academic medicine. 13, 16 This study has several limitations. Because we were limited to articles that were available online, articles that were not indexed online could not be searched. Furthermore, we did not examine articles that preceded our time period of interest; thus trends preceding those observed in our study dates were not considered. Despite the fact that publications for which we could not identify the sex of the first or last author were excluded from analysis, our results are similar to other studies examining gender trends, suggesting that the excluded data did not significantly affect our results. 2 The last listed author for any given article was presumed to be the senior or principal investigator. Although this format is widely used for a majority of publications, there are numerous ways to specify authorship in publications. 17 However, because the same approach was used to identify both male and female last authors, we are confident that bias was minimized. We did not limit our analysis only to articles from US institutions, which may influence our results because gender trends can vary enormously by country and culture.
Much has been said about the "pipeline" problem, [18] [19] [20] which has been described as a lack of female physicians in senior and/or leadership positions in academia despite the steady increase in the number of women entering ophthalmology training over the past few decades. 1, 18 This suggests that the disparity is not simply due to a lack of graduating female ophthalmologists but rather due to fewer women choosing to pursue academic ophthalmology or advancing appropriately through the ranks from junior to senior faculty. Some evidence does suggest that women fail to progress or to be promoted in academic departments relative to their male colleagues due to institutional barriers, societal constraints, lack of support systems and absence of mentorship. 16, 19 Our results suggest that the number of female first authors, who often hold relatively junior level academic positions, has increased significantly. The same trend is not significant when examining last authors, who often hold senior level positions. Furthermore, the number of female first and last authors still lags behind their male counterparts. Our findings raise concerns about the position of women in academia. A study examining abstracts submitted to the Association for Academic Surgery and the Society of University Surgeons found higher impact factors for those articles published by women relative to their male counterparts. 17 Research and publication by female ophthalmologists must be fostered for the overall well-being of academic ophthalmology. Additional studies are necessary to examine the causal factors for the gender lag in first and last authorship in peer reviewed ophthalmology literature.
